I. INTRODUCTION TEM horn antennas are widely used for transmission and reception of microwave signals due to their high efficiency. They can be employed in applications that require ultra wideband, wide scanning, low cross polarization, directional radiation pattern, and low distortion of pulse transmission [1] . The bandwidth in UWB radars is an essential prerequisite for acquiring high-fidelity pulse radiation. The objective of this work is to obtain an exponential UWB TEM horn antenna with good impedance matching, wideband, high gain and directivity. The antenna presented in this paper was based on the theory of parallel plane waveguide. In the proposed model, these parallel planes were represented by a trapezium-shaped structure whose geometrical parameters varied to find a suitable bandwidth. A balun was added to the exponential UWB TEM horn antenna, aiming at improving the antenna's characteristic impedance and adapting an unbalanced plane line to a balanced one. In most cases, conventional TEM horn antennas are broadband-type. In this work their bandwidth is increased in order to turn them into UWB-type. The basic structure of a horn antenna consists of two parallel planes, as illustrated in Figure 1 . The flare angle between the planes is represented by β (0 < β ≤ 180 °). Angle α is the opening of the radiation plane (0 <α <180 °). When β = 180 ° the structure Simulation and manufacturing of a miniaturized Exponential UWB TEM horn antenna for UWB Radar applications resembles a bow-tie antenna [2] . In this research, we tried to find ideal angles for the design of a TEM horn antenna in order to obtain the constant resistive characteristic impedance of the spherical wave TEM (E r = H r = 0) along parameter s, when s → ∞. In current literature, much research was carried out to create horn antennas and additional components. A microstrip balun is used in a large TEM horn antenna designed to perform EMC measurements [3] . A large TEM horn antenna attached to a cylindrical feed section that helps obtaining good return loss values, but with the disadvantage of showing low gain (maximum value of 13 dB for high frequencies) was reported in [4] . In [5] is shown an exponential TEM horn antenna with binomial radiation planes presenting directional radiation patterns, but to the detriment of gain (less than 9.5 dB) across the entire UWB band.
In the present work, an exponential TEM horn antenna is simulated and constructed. Its performance (impedance matching, gain and directivity) is assessed by changing the microstrip balun [3] . Design details of the TEM horn antenna and microstrip balun are explained in the following sections.
II. ANTENNA DESIGN
The TEM horn antenna design has two exponential metal planes operating as electromagnetic radiators. The size and length of these planes were carefully chosen to give an ultra wideband characteristic for the antenna. The entire design consists of two sections: the radiation planes design and the microstrip balun design, as seen in Figure 2 . 
A. Radiation planes design
The radiation planes of the proposed UWB TEM horn antenna are exponential-type. Such exponential structure has the advantage of reducing the reflections of the travelling electromagnetic wave. As shown in equation 1, the distance between the radiation planes is estimated in [4] ;
where S(y) is an exponential function that represents the separation between both radiation planes;
(a) and (e) are the initial and the final separation of the radiation planes, respectively; and is the antenna length. The exponential planes are used to achieve good impedance matching in the feed line (50 Ω) and at the antenna aperture (377 Ω). The characteristic impedance at any point in the structure of the TEM horn antenna can be calculated by the following equation [5] .
where:
Its output impedance was calculated by equation [4] , where d(y) is the separation between both planes, and w(y) is the width of the antenna's radiation plane.
B. Microstrip balun design
This section presents the changes made to the microstrip balun proposed in [3] . They were aimed at obtaining low values for parameter S 11 , directional radiation patterns, and high gain in the TEM horn antenna. The design structure of the microstrip balun proposed in this work is shown in more detail in Figures 3 and 4 . The results are exhibited in section III.
The main objective of the microstrip balun design is to have a good impedance matching between the input impedance of the TEM horn antenna and the output impedance of the microstrip balun. The characteristic impedance at any point in the microstrip balun was calculated by equation [6] ,
with ( )
Where W(y) is the width of the radiation plane, and h is the separation between the two planes comprising the balun. The dimensions of the structure of the microstrip balun can be calculated using equations (2) and (5).
Furthermore, the proposal of this work included an insulating material FR4, as shown in Figure 4 .
The analysis eventually found that such material helped obtaining better values for parameter , and higher directivity at low frequencies (this is the aim of our study). 
III. SIMULATIONS AND MEASUREMENTS
Radiation planes and the microstrip balun, comprising the structure of the TEM horn antenna, were designed and optimized using the electromagnetic simulation software . The model of the microstrip balun is shown in Figures 3 and 4 , whereas the manufactured and simulated model of the proposed antenna can be seen in Figure 5 . Table I shows the dimensions of the exponential TEM horn antenna that has a better impedance matching, high gain and directivity. Figure 5 shows the manufactured antenna. Its structure has a total length of 103.8 mm, and the distance between the radiation planes in the microstrip region is 1.5 mm. The proposed antenna was built on a copper plate with a thickness of 0.3 mm and a permissibility ( ) of 4.3. FR4 plates were used to support the radiation planes. Figure 7 shows the group delay simulated and measured. Group delay is the derivative of the antenna phase. If the phase is linear, it would be desirable that group delay values varied over the minimum time interval at the antenna's operating frequency. This characteristic indicates the transmission quality of an ultra-wideband pulse and its degree of distortion or dispersion. Figure 8 shows the simulated and measured VSWR value for a proposed exponential UWB TEM horn antenna. The antenna has VSWR ≤ 2 from 3.2 GHz to 7.5 GHz, which means that it exhibits minimal reflections, and the received signal can be transmitted with maximum efficiency. This value is also a necessary condition for an ultra-wideband antenna. It can be noticed that the value for signal return due to mismatch is lower when compared to those obtained without use of insulating material. Distance from junction (L) is defined as the distance from the centre region of the coaxial connection to the antenna's signal input end. Equation (7) determines L of microstrip balun, is the wavelength at the lowest operating frequency of the TEM horn antenna [7] .
According to equations (2) and ( It can be observed in all cases that the simulated and measured radiation patterns are similar. They follow a directional pattern at all given frequencies. Figure 11 shows the comparison between antenna gains with and without metallic reflectors. We notice that from 4 GHz to 6.5 GHz the antenna achieves a gain higher than 14 dB when using reflectors. Fig.11 . Gain of proposed UWB TEM horn antenna.
IV. CONCLUSIONS
This paper presents a miniaturized exponential UWB TEM horn antenna and a microstrip balun.
Both proposals were simulated and manufactured at a later time. Their measurements show good impedance matching, high directivity, constant balancing, and return loss ≤ -10 dB for the 3.2-7.5
GHz frequency band. The aforementioned antenna is an ideal potential candidate for being used in applications of UWB radar and long-distance communications due to its high gain values around 15 dB. 
